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T he life expectancy and quality of life of individuals infected with HIV has improved significantly since the introduction of highly effective combined antiretroviral therapy (ART) (1) (2) (3) . Moreover, the pill burden and side effects of antiretroviral drugs and treatment combinations have gradually decreased, and the treatment-related metabolic complications have become less prevalent. One of the most concerning and stigmatizing conditions related, at least in part, to ART is lipodystrophy, a diverse group of disorders characterized by changes in fat distribution and metabolic alterations (4) (5) (6) . The changes that occur in body composition include lipoatrophy, which is complete or partial loss of the peripheral adipose tissue compartments, and lipohypertrophy, which is a pathological accumulation of central adipose tissue (7) .
Although the use of a backbone of nonthymidine nucleoside analogs has greatly decreased the incidence of lipoatrophy, the effect of the third drug on fat redistribution [i.e., protease inhibitors (PIs), nonnucleoside reverse transcription inhibitors (NNRTIs), or integrase strand transfer inhibitors (INSTIs)] needs further clarification. Moreover, the role of current antiretrovirals in fat gain/loss is not well defined (8) (9) (10) (11) (12) .
Concerns and uncertainties about fat distribution motivated us to perform a local, noninvasive, affordable long-term follow-up using annual dual-energy X-ray absorptiometry scan to collect data to reassure the low impact in fat changes with the use of newer antiretrovital agents. This was the reason to include this technique in our routine care of ARV-naive patients with HIV during several years.
The aim of this study was to describe the changes in body fat distribution (BFD) occurring over 60 months in a group of ART-naive individuals starting different antiretroviral regimens. We present data from patients with at least 36 months of follow-up and a subgroup reaching 60 months of follow-up.
Design and Methods
As part of our routine care of HIV-infected patients at a teaching hospital in Barcelona, Spain, we prospectively assessed body fat changes and clinical data before or within 1 month after initiating ART in patients with no clinically evident signs of lipodystrophy. Body fat composition was assessed by dual X-ray absorptiometry scanning (QDR 4500; Hologic, Marlborough, MA). Leg, trunk, and total fat, as well as the lean mass and fat mass ratio (FMR = %trunk fat/%leg fat) were determined in all participants at baseline and at months 12 and 36. Because this is an ongoing study, some participants had completed month 60 of follow-up by the time of this analysis. The fat-free mass index (FFMI) (kg/m 2 ) was calculated as the ratio of FFM to height in meters squared. FFMI was classified as low (,16 kg/m 2 ) or normal (.16 kg/m 2 ). Fasting blood samples were taken as a part of the routine follow-up in the HIV unit. The densitometer technician followed a standardized protocol at each assessment, and dual X-ray absorptiometry scans were centrally read at the Rheumatology Service of Duran I Reynals Hospital, Barcelona.
Clinical and epidemiological data as well as the nearest to annual dual-energy X-ray absorptiometry scan routine blood determinations (CD4 count, HIV viral load, biochemistry, and full blood count) were exported from clinical records once yearly during the follow-up.
Statistical analysis
A normality test was used to assess homogeneity of variances. ANOVA Every patient enrolled in this study was analyzed as intention-to-treat, but on-treated analyses were performed in patients who completed the treatment at month 36 or 60.
Results
From January 2008 to January 2012, 146 patients with HIV participated in the study. Sixty-two patients completed the month 60 analysis. The mean age of the patients enrolled was 44 years, 80% (n = 117) were men, 40% were men who have sex with men (MSM) (n = 62), and 13.9% had AIDS (n = 20). Most patients were of Spanish (63%) or Latin American (26%) origin. The median time from HIV diagnosis to start of treatment was 11 months. Median BMI was 24. At baseline, median CD4 count was 254 (132 to 346) cells/mm, and median HIV viral load was 4.98 log 10 copies/mL (4.3 to 5.35). None of the participants had clinical evidence of lipodystrophy according to the clinicians' criteria and the patients' self-perception.
The most common initial antiretroviral combination included NNRTI drugs (nevirapine, 23.3%; efavirenz, 17.2%) followed by protease inhibitor (PI)-and INSTIbased regimens (42.5% and 13%, respectively). The treatment regimen was considered PI-based when PIs were prescribed together with any other drugs. The most common backbone was a fixed-dose combination of tenofovir/emtricitabine prescribed in 76.7% of patients, followed by abacavir/lamivudine in 16.4%. Even though treatment was not randomly assigned, baseline characteristics between the groups defined by ART families were fairly balanced. FFMI at baseline was normal regardless of sex or treatment group.
At baseline, MSM had a significantly larger lean body mass than the other transmission groups. Similarly, patients from Spain had a significantly larger lean mass than Latin American patients. Baseline CD4 cell count ,200 cells/mL was also associated with lower BMI and lean mass (Table 1) . After 36 months of treatment, most patients remained on an NNRTI-based regimen (47.6%), followed by those receiving PIs (35.2%) and INSTIs (13.8%). By month 60, treatment distribution was as follows: NNRTI-based regimen 52.3%, PI 12.5%, and INSTI 22.7%.
There was an overall increase in the mean (SD) CD4 cell count and mean (SD) log 10 decline in HIV viral load during follow-up: 358.6 cells/ml (226.7) and 25.44 (5.81), respectively (P , 0.001).
At 12 months of treatment, we observed a significant increase in the BMI, total fat, and lean mass in all groups, with mean (SD) changes from baseline to week 48 of 0.90 (1.97), 2082 g (4003), and 621.7 g (49.8), respectively. In addition, there was significant fat accumulation in the trunk and limbs and a significant increase in lean mass in the limbs (P = 0.01). The overall FMR changes were small but statistically significant in men; there were no differences in women. No associations were found between the FMR changes and any of the treatment regimens (Table 2) .
At month 36, an increase was seen in the BMI, total fat, trunk fat, and limb fat. The FMR also showed a significant increase in both men and women (P = 0.001). In patients receiving NNRTI-or INSTI-based regimens (but not PIs), there was a marginal but statistically significant increase in the FMR (0.10 and 0.07, respectively; P = 0.01).
At this time point, a significant increase in the FMR and a decrease in the trunk lean mass occurred in the MSM population. Patients who had a lower CD4 cell count at baseline (,200 cell/mL) gained substantially Table 2) . Sixty-two individuals completed 60 months of followup. Changes similar to those seen at months 12 and 36 occurred in the BMI, total fat, trunk fat, and limb fat. The FMR showed a significant increase even in the PI group at this time point (P , 0.03).
We observed a decline in the total lean body mass, led by the trunk fraction. These results were seen in all the treatment groups but were statistically significant in patients receiving NNRTI-and INSTI-based regimens. These results persisted at month 60.
Significant increases in total, HDL, and LDL cholesterol were also observed in all groups and at 12, 36, and 60 months. Triglycerides remained unchanged.
The mean (SD) total lean mass and limb lean mass were significantly higher in patients younger than 50 years compared with those older than 50 years: 54,085.9 g (8945.8) vs 50,354.4 g (8879.9) (P = 0.03) and 24,078.8 g (4750.5) vs 21,665.7 g (4756.5) (P = 0.01), respectively. At 36 months, the mean FMR increase was 0.14 (P = 0.001) in patients older than 50 years and 0.03 (0.18) (P = 0.057) in patients younger than 50 years.
In the on-treatment analysis at month 36 (patients who remained in the same treatment group, n = 101), only patients receiving PIs showed no significant increase in the FMR. No differences were observed regarding the NRTI backbone. The remaining markers showed changes similar to those in the intent-to-treat analysis.
Discussion
We compared the changes in body composition after initiation of ART in 146 individuals with HIV at 36 months and in a smaller group at 60 months. To our knowledge, this is one of the few cohorts in which longterm changes in BFD are reported after treatment initiation in the recent antiretroviral era. We observed a significant increase in the fat and lean body mass in all compartments and treatment groups over follow-up. Small and clinically insignificant differences were found in fat distribution regardless of the treatment group and baseline characteristics. Most of the initial changes seemed to be related with the "back to health effect" occurring with treatment. Even patients who initiated treatment with lower CD4 cell counts gained fat mass, and the redistribution of this component was balanced (FMR unchanged). The return to health in terms of the fat and BMI increase in this immunosuppressed population responding to ART is consistent with the decrease in mortality observed in a previous study by our group (12) .
Recently published reports have suggested that INSTI may be associated with greater weight gain compared with other ARV families in ARV-experienced subjects (13) . In our cohort of treatment-naive patients, initiating antiretroviral treatment of the first time, we did not observe this association, although the sample size of patients receiving INSTI was small. Moreover, those receiving PIs had a proportionally greater weight gain (BMI).
Some sex differences in fat distribution were observed, with men gaining proportionally more fat in trunk than in limbs. Sex-specific differences in the prevalence of different lipodystrophy syndromes have been described. In a study of 180 adults with HIV in Brazil, women were more likely to develop lipohypertrophy or mixed syndrome, whereas men showed a similar prevalence of all three lipodystrophy syndromes (lipoatrophy, lipohypertrophy, and mixed syndrome) (13) . Other studies, using older antiretroviral drugs (13, 14) , have reported differing fat distribution changes in men and women on ART, with women being more likely to develop fat accumulation around the abdomen. A more recent study has shown opposite results (similar to ours); that is, an increase in visceral adipose tissue was associated with male sex and age but not with ART exposure (15) .
Ethnicity is also an important factor influencing lipodystrophy, with black women being more vulnerable to lipohypertrophy (14) . In our cohort, Latin American patients had significantly less lean mass than the native Spanish population. However, no significant differences were observed over follow-up between these groups.
Aging is also a relevant factor associated with body composition changes, especially lean mass loss and trunk fat gain. This process is known to be accelerated in patients with HIV (16). In our cohort, patients younger than 50 years had a larger lean mass at baseline. At 36 months, the FMR had increased significantly in those older than 50 years. Some of these changes might be associated with this phenomenon.
Patients with HIV show significantly greater increases in lean mass and total fat than individuals without HIV, particularly those with a lower baseline CD4 T-cell count and a higher HIV-1 viral load. The fat gain in these patients is thought to be a consequence of treating HIV infection, which reduces inflammation and wasting (recovery effect). In our cohort, this notion was supported by the differences seen from baseline to months 36 and 60. Conversely, there was a significant decline in the total lean mass at months 36 and 60, driven by a decrease in the trunk lean mass. The FMR increased significantly during this period, which suggests that the trunk-to-limbs ratio was influenced by a gain in trunk fat. We found no significant relationship between HIV disease-related markers, such as CD4 T-cell count and HIV-1 viral load, and the changes in body composition. These results are consistent with a study in which HIV-infected persons gained more fat but lost lean mass after the first 96 weeks of ART compared with control subjects with HIV (17) . The mechanism to explain why there is a gain in trunk fat but less lean mass after the first 36 months of ART remains unclear.
A persistent proinflammatory state in treated patients with HIV may contribute to the changes in body composition over the long term (18, 19) . As was seen in another recently published study (12) , we found no clear relationship between fat distribution changes and ART groups.
The older antiretroviral drugs thymidine analogs and first-generation PIs have been related to lipoatrophy and lipohypertrophy, respectively (20) . One previous study has suggested that efavirenz is associated with peripheral fat loss (8) . Lipodystrophy may be associated with the newer antiretroviral drugs, but the marginal changes make its presentation clinically unapparent. Although our study was not designed to detect minor metabolic changes, we believe that an impact at this level might be associated with subtle changes in fat distribution. Early recognition of these changes may help to prevent potential damage.
Our study has a number of limitations. First, treatment allocation was not randomized; all data were obtained from routine follow-up assessments in patients initiating ART. In addition, because few women were enrolled in our study, we are unable to establish firm conclusions for this population. Due to the time when follow-up was started, only a small percentage of patients had started on the newer INSTIs. Finally, despite the final objective of the study was to assess fat changes after 60 months of follow-up, this was achieved in a limited number of patients. A slow recruitment process as well as a strong need of data regarding this important issue motivated us to report our preliminary results (month 36) at this point together with data of a group of patients reaching 60 months. We believe this information may be useful and may help to shed some light in this regard.
Due to the relatively small number of patients in different subgroups analyzed, we should be cautious about the results and conclusions drawn in the current study.
The new antiretroviral drugs are clearly less toxic, and their impact on BFD seems to be low. However, irreversible changes in body shape and the potential impact of ART on metabolic syndrome remain of crucial interest, particularly in younger patients initiating lifelong treatment.
Well-designed, long-term studies with newer agents are needed to understand and minimize the impact of ART in HIV-infected individuals. Despite the aforementioned limitations, our data suggest that current antiretroviral regimens have a low impact on fat redistribution in the first 3 to 5 years of therapy.
